Background: Quadriceps tendon (QT)-bone autografts used during anterior cruciate ligament (ACL) reconstruction have provided comparable outcomes and decreased donor-site morbidity when compared with bone-patellar tendon-bone (BPTB) autografts. No study has directly compared the outcomes of the all-soft tissue QT autograft with that of the BPTB autograft.
demonstrated that 83% of patients returned to stable, normal, or near-normal capabilities, with <5% needing a revision surgery. 4 Nevertheless, BPTB has associated risks, which include potential donor-site morbidity, increased risk of patellar fracture, persistent anterior knee pain, and kneeling difficulty. 23 Among the graft options that have the potential to provide clinical outcomes similar to the BPTB autograft, with reduced risk of the aforementioned limitations, is the quadriceps tendon (QT) with bone block (QTB) autograft. It has been found to have reduced donor-site morbidity, excellent biomechanical strength compared with a native ACL, a large cross-sectional area that is advantageous for revision surgery, and good tendon-to-bone tunnel healing. 10 Multiple systematic reviews 20, 22, 34 have concluded that the autologous QTB graft has clinical outcomes similar to BPTB. The use of the QT as a primary graft choice in ACL reconstruction has been increasing. In a 2014 international summit on ACL reconstruction, among 35 surgeons from 20 countries, 10 .6% reported that the QT autograft was their preferred graft choice for ACL reconstruction; these surgeons had averaged greater than 2100 ACL reconstructions throughout their career and reported that 11% of all reconstructions were performed with the QT. 26 This is an increase in the utilization of the QT among orthopaedic surgeons, compared with a poll in 2010 at the American Academy of Orthopaedic Surgeons, who at the time reported that only 1% ACL reconstructions were performed with the QT autograft. 34 Current trends indicate that the utilization of the QT as a graft choice will continue to increase.
A majority of the studies on ACL reconstruction with QT autograft have utilized the central QTB from the proximal patella. Although the risk of patellar fracture in QTB is comparable with that in BPTB, an all-soft tissue QT autograft eliminates this risk and could lead to less morbidity, as the bone is not being harvested. 7 Currently, there is a paucity of available research comparing clinical outcomes between the QT and BPTB autografts in ACL reconstruction. Therefore, the purpose of this study was to compare patient-reported subjective knee outcome scores between QT and BPTB autografts and incidence of graft-related complications.
METHODS

Study Design
After obtaining approval from our institutional review board, we identified all patients who had autograft ACL reconstruction from January 1, 2015, to March 31, 2016, at a single hospital center through an operative log review.
Inclusion criteria included isolated primary ACL injuries in adults (>18 years of age) and graft choice of either QT or BPTB autograft as determined by both the patient and the physician. Exclusion criteria were patients with multiligamentous knee injuries, history of previous ACL reconstruction or meniscal repair/reconstruction in the knee of interest, and cartilage defects or patients requiring osteotomies. All ACL reconstructions were performed arthroscopically by 1 of 2 surgeons (L.D.K., M.G.B.) at a single outpatient surgical center. A total of 80 patient records were identified as ACL reconstructions with QT or BPTB autografts; of these, 5 patients were excluded because of revision ACL reconstructions.
Patients (N ¼ 75) were contacted by telephone from January to September 2018 for inclusion in the study. Followup was performed at a minimum of 2 years after surgery.
Patients were asked to complete the International Knee Documentation Committee (IKDC) subjective knee evaluation, Lysholm knee scoring scale, and Tegner activity level scale. 6, 19 These measures were used because of their extensive validation in accurately capturing differences in subjective knee outcome scores. 1, 2, 6, 16 Secondary outcomes, collected via a combination of patient surveys and an operative log review, were patient satisfaction and incidence of graft-related complications, which included but were not limited to arthrofibrosis, contralateral ACL injury, patellar fracture, graft failure, and kneeling pain. Arthrofibrosis was defined as patients having symptomatic asymmetric range of motion >5 after 12 weeks of physical therapy, in which case arthrolysis was recommended. Graft failure was defined as a graft retear confirmed on magnetic resonance imaging.
Surgical Technique
The 2 fellowship-trained sports medicine surgeons, experienced in harvesting both BPTB and QT autografts, performed all ACL reconstruction procedures. All patients underwent the procedure under general anesthesia and with the use of a tourniquet. BPTB grafts were harvested from the central third of the patellar tendon, 1 cm in width with bone blocks between 20 and 25 mm in length. Grafts were sized 10 mm in diameter. Harvesting of the QT autograft was performed through a 2-to 3-cm incision, 1 cm proximal to the superior pole of the patella. Central-medial harvest was performed with a width of 10 mm, with the aim to obtain an all-soft tissue graft between 75 and 95 mm in length and 9 to 10 mm in diameter. Care was taken to avoid penetration into the suprapatellar pouch and disruption of the rectus myotendinous junction. Any defects to the suprapatellar pouch were reapproximated with interrupted sutures, although full-thickness closure of the harvest site was not performed. Diagnostic arthroscopy was completed, and any meniscal repairs or partial meniscectomies were completed at this time. Femoral sockets were created through the center of the femoral anatomic footprint using an anteromedial portal technique in all patients. Tibial tunnels were created in the center of the tibial anatomic footprint by placing a 2.4-mm guidepin through an Acufex ACL tip guide set to 50 , followed by the appropriate-sized fully threaded reamer. Femoral and tibial fixation of BPTB grafts was performed with titanium interference screws, whereas QT grafts were secured via adjustable loop suspensory cortical fixation on the femur (Arthrex Inc) and PEEK interference screw (Arthrex Inc) fixation on the tibia, followed by backup fixation into a knotless suture anchor. Tibial fixation was performed at approximately 10 of knee flexion with posterior drawer for both groups. Postoperatively, all patients were placed in a range-of-motion brace and underwent similar rehabilitation protocols, initiated within 1 week of surgery.
Statistical Methods
Knee outcome scores in each group were tested for normality with the Shapiro-Wilk test and were found to be nonparametric, necessitating the use of the Kruskal-Wallis test for statistical interpretation. 2, 27 All statistical analyses were conducted with Microsoft Excel or R Project for Statistical Computing (Version 3.6.1). Categorical data were computed with the Fisher exact test. The study design and statistical analysis were reviewed by a statistician.
RESULTS
Of the original 75 patients, 50 (67%) completed the study questionnaire. There were 36 men and 14 women, involving 24 left and 26 right knees. A total of 28 patients (56%) were in the QT group and 22 patients (44%) were in the BPTB group. There were no differences in patient characteristics or baseline Tegner activity levels between the 2 groups ( Table 1 ). The average follow-up time was 33.04 months (range, 24-44 months). The rate of meniscal injury requiring surgical intervention with repair and/or partial meniscectomy was not statistically different between the groups, with the values being 64.3% in the QT group and 77.3% in the BPTB group (P ¼ .37).
There were no statistical differences in patient-reported subjective knee scores or complications between the QT and BPTB autograft groups ( Table 2 ). The median IKDC scores for the QT and BPTB groups were 94.83 for both (P ¼ .47), the median Tegner scores were 6 for both (P ¼ .48), and the median Lysholm scores were 95 for both (P ¼ .27). The median patient satisfaction scores for the QT and BPTB groups were 10 and 9.5, respectively (P ¼ .09). Two patients in the QT group and 3 patients in the BPTB group required follow-up arthroscopy for arthrolysis. There was 1 graft failure in the QT autograft group requiring revision surgery. One patient in the QT group sustained a contralateral ACL injury and underwent surgery, compared with 4 patients in the BPTB group. No patellar fractures were reported in the BPTB group. When asked about anterior kneeling difficulty, 14% of BPTB patients and 7% of QT patients reported moderate or extreme difficulty with kneeling (P ¼ .45).
DISCUSSION
This study is the first to compare subjective knee outcome scores at a minimum of 2-year follow-up between the soft tissue QT autograft and BPTB autograft for primary ACL reconstruction. Previously, Geib et al 12 compared clinical outcomes between BPTB and QTB plus QT cohorts and concluded that the QTB and QT combined cohort had clinical outcomes similar to BPTB, while also demonstrating significantly better anterior laxity, less postoperative loss of knee extension, and less anterior knee pain and numbness within 18 which demonstrated that the QT harvest has 1.8 times the thickness as well as 1.36 times higher load to tendon failure when compared with similarly sized BPTB grafts. 33 These findings of stronger structural integrity with QT were supported by Shani et al, 33 who reported that the QT had nearly twice the cross-sectional area compared with that of BPTB grafts, 91.2 ± 10 mm 2 and 48.4 ± 8 mm 2 (P ¼ .005), respectively. They also concluded that the ultimate load to failure and stiffness are also significantly higher in the QT graft. These findings can be explained in the study by Hadjicostas et al, 15 who found 20% more collagen fibers with QTs when compared with patellar tendon grafts of similar thickness.
In addition to the biomechanical advantages associated with QT, the donor-site morbidity pertaining to BPTB grafts such as anterior knee pain and pain with kneeling, as well as the increased risk of patellar fracture, has driven the scientific community to seek alternative graft options. 23 While Gorschewsky et al 13 reported better subjective clinical outcomes of BPTB over QTB regarding IKDC scores, they also found significantly less morbidity with QTB and no significant differences between Noyes and Lysholm scores between the 2 groups. The latter findings have been backed by several studies that found no difference in patient-reported subjective knee outcomes between QTB and BPTB, with less anterior knee pain, pain with kneeling, and graft site pain in QTB groups. 12, 14, 17, 26, 28 Objective clinical outcome measurements between QTB and BPTB have also been reported to be similar; both Kim et al 24 and Lund et al 25 found no mean side-to-side difference in objective knee laxity as measured by KT-2000 and KT-1000 arthrometers, respectively. When looking at only anterior kneeling difficulty, Schulz et al 31 found no evidence that QT caused a significant difference compared with literaturereported rates for those of BPTB. The results of the current study demonstrated that there was no difference in anterior kneeling difficulty between the QT and BPTB groups, although the anterior kneeling difficulty results of this study for BPTB were lower than that seen in previous studies. 26, 27, 31 To date, the bulk of the available literature has provided comparisons between QTB and BPTB cohorts, demonstrating QTB to be a suitable alternative to BPTB with comparable outcomes and less morbidity. 12, 17, 25, 28, 29 When directly comparing QT with QTB, Geib et al 12 reported better KT-1000 laxity scores with QT grafts (0.51 vs 1.05 mm), as well as reduced loss of extension (0.41 vs 0.44 ), loss of flexion (0.12 vs 0.45 ), number of positive pivot shifts (0 vs 3), number of effusions present (0 vs 13), and failure rates (2% vs 6%) with QT grafts. The results of the current study showed that the graft rupture rates were within the previously reported range for QT, QTB, and BPTB grafts (Table 3) . 12, 14, 17, 26, 28, 31 Overall, although the results of this study are not statistically significant because of limited patient participation, the findings correlate with the conclusion of the previous literature that BPTB may have increased donor-site morbidity because of harvesting, a disadvantage not shared by QTB, and now QT as well.
While the senior authors (L.K.B., M.G.B.) routinely use QT without bone for ACL reconstruction, there are few studies directly comparing QT with QTB. Geib et al 12 attempted to stratify their all-inclusive quadriceps group into QTB and QT without bone plug and found no significant differences between the cohorts, which they attributed to a limited sample size. Despite limited direct comparison of long-term patient outcomes in the current literature, QT has gained in popularity over QTB because of decreased surgical time, postoperative anterior knee pain, and risk of patellar fracture. 11, 32, 35 While it has been suggested that a bone block is important for QT in order to increase graft stiffness, length, and anatomic fixation, 9 multiple studies have described alternative fixation techniques that maintain appropriate stiffness and anatomic fixation without any reported complications. 8, 30, 31, 36 Limitations This study is not without limitations. The lack of preoperative data makes it difficult to determine if the comparison groups of this study had an average difference in baseline IKDC or Lysholm data. To this end, determining the impact that graft selection had on patient outcomes was challenging. 3 Therefore, the possibility of recruitment bias exists. Nevertheless, patients in both groups had similar characteristics, came from the same metropolitan area, were only operated on by 1 of 2 surgeons, and underwent the same rehabilitation protocol. Another limitation is the lack of more objective patient data such as instrumented laxity measures or strength assessments. KT arthrometers can be used to identify graft failure when there is a >5 mm side-to-side difference in anterior knee laxity; however, several studies 21, 28, 37 have questioned the reliability of correlating anterior knee laxity as measured by the KT arthrometer with clinical outcomes. The reliance on subjective data via telephone questionnaires may introduce underreporting. This study also had a small sample size because of loss to follow-up, with 33% of patients not responding to the telephone questionnaire. Last, this study had a lack of randomization of patients between the 2 groups before surgery and lack of blinding of participants and personnel. Therefore, the possibility of performance and assessment bias exists.
CONCLUSION
This study is the first to retrospectively compare subjective knee outcome scores and incidence of postoperative complications between an all-soft tissue QT and BPTB autograft at a minimum of 2-year follow-up. There was no statistical difference in all outcome scores between the 2 groups. Additionally, this study had low rates of postoperative complications comparable with the already published data. Prospectively designed studies are needed to expand upon these initial findings and to further validate that the allsoft tissue QT autograft may be a suitable alternative to the BPTB autograft for primary ACL reconstruction.
